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Descrip-tion 

The invention relates to an evaporation system 
comprising an evaporator heated by process waste steam 
and a process stage heated by product vapors of the 
evaporator, in particular at least one further 
evaporator . 

In order to operate evaporation systems as economically 
as possible, process heat obtained otherwise, for 
example in the form of waste steam obtained in the 
process, iis used for heating the evaporator or the 
evaporators. Such process waste steams as obtained, for 
example, as waste steam of drier stages can, however, 
be used only to a limited extent since they are 
obtained at relatively low pressure or are mixed with 
air or inert gases . The condensation capacity of the 
evaporators heated with such process waste steams is as 
a rule reduced and the number of evaporator stages 
heated with such process waste steams and hence the 
efficiency of the evaporation system are greatly 
limited. 



In the case of multistage evaporation systems, it is 
furthermore known that the product vapors of an 
evaporator stage of the evaporation system can be 
compressed by a compressor to a higher pressure in 
order in this way to heat a further evaporator stage 
with the compressed product vapors. Usually, jet 
compressors operated with fresh steam or mechanical 
compressors are used for this purpose. If mechanical 
compressors are used, the customary pressure increases 
(ratio of final pressure to intake pressure) for one- 
stage radial fans used in practice are 1-3 and for one- 
stage radial compressors are 2.5. Since the increases 
in vapor temperature are comparatively small, the 
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number of evaporator stages connected in series in the 
case of conventional, multistage evaporation systems 
with vapor compression is greatly limited. Products 
having a high boiling point shift cannot be evaporated 
using this process or can be evaporated only to an 
insufficient extent, i.e. in the low concentration 
range . 

It is an object of the invention to provide an 
evaporation system which can be operated with process 
waste steam and has improved evaporation power. 

The invention starts from an evaporation system 
comprising an evaporator stage heated by process waste 
steam and a process stage heated by product vapors of 
this stage, in particular at least one further 
evaporator, and is characterized in that a vapor 
compression stage is connected to the product vapor 
exit of the evaporator, which compression stage lowers 
the dew point of the evaporator below the temperature 
value required for heating the process stage and, by 
compression of the product vapor, raises it to the 
temperature value required for heating the process 
stage . 

While in conventional multistage evaporation systems an 
attempt is always made to operate the evaporators of 
the evaporation system so that, in each of the 
evaporators , the energy content of the waste stesm used 
for heating or of the vapor is reduced in steps only to 
such an extent that the waste steam or the vapor is 
still at a temperature and energy level which can be 
used in downstream evaporators , in the evaporation 
system according to the invention the dew point of the 
first evaporator heated by the process waste steam is 
lowered to a value which is below the heating 
temperature in the downstream second evaporator. In 
this way, the condensation power of the first 
evaporator can be considerably increased, even if only 
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process waste steam at low pressure is available for 
heating the first evaporator. The process waste steam 
cooled in the first evaporator is no longer used in the 
further evaporators of the evaporation system. Rather, 
by means of the vapor compression stage, the product 
vapor forming in the first evaporator is compressed and 
is brought to a higher temperature so that the product 
vapor is used for heating the second evaporator and 
optionally further evaporators. The vapor compression 
stage is dimensioned so that it simultaneously ensures 
lowering of the dew point of the first evaporator. 

The process waste steam used for heating the first 
evaporator is preferably saturated process steam or 
saturated steam. However, the process waste steam is 
often not available in the form of saturated steam. In 
an expedient development, it is therefore intended that 
the saturated steam be generated from superheated 
process waste steam by supplying water, in particular 
preferably so that this process takes place without 
condensation. In particular, a wet washer which 
purifies the superheated process waste steam is 
suitable for the condensation-free conversion of the 
superheated process waste steam, for example of a 
drier, into saturated process steam and for the 
purification. For the saturation of the superheated 
process waste steam, fresh water, but also condensate 
obtained in the evaporation system, can be fed to the 
wet washer. The wet washer may be a jet wet washer. 

Although the compression stage may also be a jet 
compressor operated with fresh steam, it is still 
preferable for the compression stage to be in the form 
of a mechanical vapor compression stage in order to 
avoid having to make additional fresh steam available 
for the vapor compression. The mechanical vapor 
compression stage may comprise one-stage or multistage 
fans or compressors. 
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Below, the invenliion is explained in more detail with 
reference to a drawing. The drawing shows a schematic 
system diagram of a multistage evaporation system which 
can be heated with superheated drier waste steam to 
which air has been added and which originates from a 
drier system not shown. 

The evaporation system comprises three evaporator 
stages 1, 3, 5 which are each in the form of a downflow 
evaporator and each of which comprises a product 
circulation loop 7, 9 and 11 with a circulation pump 
13, 15 and 17, respectively. The product to be 
evaporated and fed in at 19 via a buffer container 21 
and a delivery pump 23 is fed into the circulation loop 
7 of the first evaporator stage 1 and fed in a 
conventional manner via the circulation loop 7 in the 
upper region of the evaporator space of the evaporator 
stage 1. In the same way, the product to be evaporated 
also passes to the circulation loops 9, 11 of the 
evaporator stages 3, 5 via a line 25. By means of a 
delivery pump 27, the evaporated concentrate is removed 
at an outlet 29. 

The heating energy required for heating the evaporator 
stages 1, 3 and 5 is used from a superheated steam/air 
mixture which originates from a drier stage not shown 
and is fed at 31 to a jet wet washer 33 which frees it 
from dust and the like in a circulation loop 35 whose 
circulation pump is indicated at 37 and at the same 
time converts the air-containing, superheated drier 
waste steam into saturated process steam. The sludge 
exit of the washer 33 is indicated at 38. The required 
additional water is fed to the jet wet washer 33 at 39, 
in particular in the form of condensate as obtained via 
a flash container 41 and lines 43, 45 and 47 in the 
evaporators 1, 3, 5. A delivery pump 49 transports the 
condensate to an outlet 51. 

The saturated process steam is fed via a fan 53 to the 
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heating space of the first evaporator 1 and, after 
leaving the heating space, passes via a line 55 to a 
chimney 57 which releases the cooled waste steam into 
the atmosphere. Excess process steam can also be fed, 
with control by means of a valve 59, directly to the 
chimney 57 in order to regulate the system performance, 
for example to keep the starting pressure of the fan 53 
constant . 

Each of the evaporator stages 1, 3 and 5 comprises, in 
its lower part, a separator 61, 63 and 65, 
respectively, which separates off product vapor 
liberated in the evaporator. The product vapor of the 
first evaporator stage 1 is fed via a mechanical 
compressor 67 to the heating space of the second 
evaporator stage 3. The compressor 67 is dimensioned so 
that it lowers the dew point in the evaporator space of 
the first evaporator 1 to a temperature which is below 
the dew point value required in the second evaporator 
3. The mechsunical compressor 67 increases the 
temperature of the product vapor to the heating 
temperature required in the second evaporator 3 . 

In the evaporator stages 3 and 5, the evaporation 
process is continued until the concentrate leaves the 
system via the pvimp 27 at the outlet 29 at the desired 
final density. 

The remaining product vapor of the evaporator stage 5 
is fed in a conventional manner to a condenser 69 whose 
cooling water supply is represented at 71. Condensate 
obtained in the condenser 69 is also fed to the 
collecting container 41. 

73 represents a vacuum pump which ensures the reduced 
pressure required during operation of the process in 
the evaporators 1, 3, 5 and in the condenser 69. 

Below, the operation of the evaporation system is to be 
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explained in the case of the evaporation of Na^O 
solution as an example. Steam/air mixture superheated 
to ISCC, originating from a drier and having a dew 
point of 81»C is fed to the entrance 31 of the jet wet 
washer 33. The subsequently saturated steam/air mixture 
is condensed in the first evaporator 1, the compressor 
67 reducing the dew point of the first evaporator 1 to 
65 "C in order to be able to condense a sufficient 
amount of steam as early as in the first evaporator 
stage 1. Since 65»C is too low for the further 
evaporation in the evaporator stages 3 and 5, the 
compressor 67 increases the saturated steam temperature 
for heating the evaporator stages 3 and 5 to about 72" 
C. In the evaporator stages 3 and 5, the effective 
temperature difference is in each case only 2" to 3''K, 
the pressure in the condenser 69 being set to about 
73 mbar. 



